Background {#Sec1}
==========

Poverty continues to be a worldwide problem, as of 2015, there are still more than 10% of the world's population lived on less than US\$1.90 a day \[[@CR1], [@CR2]\]. Measurement of poverty has gradually changed from a single economic dimension to multiple dimensions integrating economic, cultural, health, and dignity indicators and some scholars define poverty as a lack of basic needs, health, and social capital \[[@CR3], [@CR4]\]. People who fall into healthy poverty often cannot access health services, which affects their health level, and ultimately their ability to obtain income. The poverty then worsens and they may easily become trapped in a cycle of "poverty-health deterioration-more poverty" \[[@CR5]\].In India, health deprivation is second only to economic income in terms of factors leading to high poverty rates \[[@CR6]\]. True health poverty means both the loss of health ability and the deprivation of social health rights.

Since the beginning of reform and opening up in 1978, China has significantly alleviated its poverty. Between 1978 and 2018, the poor population decreased from 770 million to 16.6 million \[[@CR7]\].Moreover, the global population of extreme poverty fell from 1.9 billion in 1990 to 836 million in 2015,and in this process, China's contribution to poverty reduction exceeded 70% \[[@CR8]\]. However, with changes to China's population structure and chronic disease-based disease spectrum, traditional poverty alleviation methods cannot accurately identify the characteristics of the poor, causing bottlenecks in poverty alleviation. From 1978 to 1999, China reduced poverty at a rate of 1.5% per year. However, in the following 8 years, this rate was only approximately 0.26% \[[@CR9]\]. In 2017,approximately 45% of poor people are impoverished due to major illness and disabilities and 260 million people in China have chronic diseases, causing approximately 70% of the disease burden \[[@CR10], [@CR11]\]. Additionally, the prevalence of chronic disease in the elderly is 2.9 times that of the total population \[[@CR12]\].The inherent weakness of elderly who are vulnerable to suffer from chronic diseases, not only lead to the shortage of labor, but also increase demand for health services,which all contribute to more economic risks and health poverty.

To reduce the disease burden, medical insurance has played a certain role in economic protection, China's basic medical insurance system consists of three types of medical insurance scheme: the Medical Insurance for Urban Employees (MIUE) is designed for cost sharing between employers and employees, with risk polling managed at the municipal level. The Medical Insurance for Urban Residents (MIUR) is for urban residents who are not covered by MIUE and is co-financed by enrollees and local government. The New Cooperative Medical Scheme (NCMS) is designed for rural residents covering mostly inpatient services and a few outpatient services \[[@CR13]\]. The coverage of the basic medical insurance schemes has achieved the breath of universal coverage with participation rate of 97%.

However, studies have demonstrated that the actual effect of this coverage has been offset by the rapid escalation of medical expenses \[[@CR14]\]. In 2012, the proportion of Chinese residents' Out-of-Pocket (OOP) expenses to total health expenditure was 35.69%, 2.3 times higher than the international average (15.28%) \[[@CR15]\]. The WHO (World Health Organization)2017 Global UHC Report demonstrates that 17.7% of Chinese people spend more than 10% of their household budget on OOP medical payments, far higher than OECD countries \[[@CR16]\]. The WHO proposes a reasonable OOP proportion of 15%\~ 20%, but as of 2017, the ratio in Chinese residents is as high as 28.77% \[[@CR17]\]. Although previous studies have shown that participating in medical insurance is conducive to reducing the risk of catastrophic health expenditures (CHE) in the family, and it can reduce the basic economic burden of the family. However, under the background of the reform of the medical insurance system, there are still many people in China who have a heavy OOP burden. In China,there are still more than 34 million poor people, of which 33% are due to lack of labor caused by disease, and 12% are due to CHE and high medical expenses \[[@CR10]\].Kumar K found that, the OOP's share in total expenditure in China was 15.1%,much higher than India (11.5%) \[[@CR18]\].In addition, numerous studies have shown that,high medical expenses increase the risk of poverty. E.g,Ravi et al. estimated that, OOP health expenses increased hidden poverty's rate by 7.5 points in India \[[@CR13], [@CR19], [@CR20]\].

Especially in China where OOP accounting for a relatively high proportion, we found that,the OOP by residents are the key factors affecting the occurrence of impoverishment by medical expense (IME). It can be seen that, previous poverty alleviation policies concentrated on accelerating China's poverty reduction through economic construction, education, and human capital investment to reduce material poverty. The traditional poverty alleviation policy is no longer suitable for China's current poverty-stricken conditions, nor can it precisely target the most vulnerable people who are poor due to disease. Improvement in the health of the population can reduce the occurrence of poverty \[[@CR21]\]. Both China and international organizations have emphasized that, the health poverty alleviation is of great significance to guaranteeing the poor population access to basic medical and health services, and preventing "disease from poverty" and "return to poverty from disease", and has become a promotion key nodes in poverty reduction \[[@CR22], [@CR23]\].So, China must change the way of poverty alleviation only through economic means and make health poverty the focus.

The introduction of the "Healthy China Project" in 2002, firstly shifted people's poverty reduction focus to a healthy perspective, but only gave a framework for action \[[@CR24]\]. With the promulgation of the targeted poverty alleviation policy in 2016, healthy poverty alleviation has been taken as an absolute area of priority intervention. The accurate identification of health poverty population contains two approaches: firstly, it identifies the poor people and household by the national poverty alleviation standards, and selects "impoverishment households by medical expense" and "health poverty population" from all the poor people and poor households who set up files according to the household surveys. Secondly, it identifies health poverty population by a certain comprehensive standards, that is, classify "the people who are likely to be poor due to illness" and "vulnerable groups" into the health poverty alleviation targets. The main object of health poverty alleviation is rural poor population. The key scope of health poverty alleviation is poor areas \[[@CR25], [@CR26]\].With the implementation of health poverty alleviation policies, the government conducts series of actions to achieve convergence of basic medical insurance, major disease insurance, medical assistance and emergency medical assistance. However, as a basic institutional means of health poverty alleviation, the medical insurance system has only achieved population width coverage with almost 95% of the population having access to health services. A study from China has shown that, the annual medical spending of depression has reached to nearly \$42.67 per person \[[@CR27]\],but the welfare package of the medical insurance only covers 33 kinds of drugs for mental disorders \[[@CR28]\].Moreover, in 2018, the actual rate of reimbursement for NCMS hospitalization was only 50%, far lower than the 75% required by the policy \[[@CR29]\].And the OOP of Chinese accounted for 30%, which is much higher than the national average of the WHO member countries (18.6%) \[[@CR30]\]. The depth (welfare package coverage) and height (compensation level) of medical insurance are still need to be strengthened, so as to effectively play to the economic protection role for poverty alleviation system. In short, although China has gradually implemented some healthy poverty alleviation plans, there are still many weak links, such as, lacking precise and quantitative identification mechanism of marginal groups that are prone to fall into poverty due to illness and lacking assistance programs for vulnerable groups (the elderly, severely disabled people, people suffering sudden catastrophic medical expense) \[[@CR31]\]. How to give full play to the basic role of the medical insurance system in precise poverty alleviation policies? It is the key to achieving health poverty reduction.

Based on the perspective of healthy poverty, we adopt the WHO recommended method to verify the health-reducing effect of the health care system, that is, whether the medical insurance system reduces the risk of IME among the middle-aged and elderly people. In addition,we also analyze the physiological, household, and spatial agglomeration characteristics of the health poverty population and scientifically identify groups at high risk of health poverty. It is important to understand whether medical insurance system increases the accessibility and affordability of health care, which provides good evidence for further ways to alleviate health poverty.

Methods {#Sec2}
=======

Data source and sampling method {#Sec3}
-------------------------------

The data used to calculate the rates of IME and CHE were obtained from the 2015 China Health and Retirement Longitudinal Study (CHARLS) database, which is designed to collect microscopic information from middle aged and elderly people over the age of 45. The filter questionnaire was used to determine whether the candidate has 45 or older respondents. If there were several households living in the sample address and more than one household had age-appropriate respondents, the system would randomly select one household to conduct the survey, and then list all the household members and their age. If there was only one age-appropriate respondent, he/she directly became the \"main respondent\". If there were multiple age-appropriate respondents, one was randomly selected as the \"main respondent\". The survey used four-stage stratified cluster sampling to select eligible individuals. First, all the counties in 28 provinces countrywide were sorted according to per capita GDP, and 150 counties (cities) were then randomly selected by PPS (probabilities proportionate to size as measured by population). Second, three villages or communities in each county were randomly selected and a data-set of 450 samples was generated. Then,80 households in each village or community were randomly selected. 21,101 samples were included in the survey. Finally, A total of 19,144 samples (9167 households) were finally obtained after cleaning the incomplete data and missing values.

Data collection and quality control {#Sec4}
-----------------------------------

Data were collected through questionnaires comprising the following eight parts: A. Household registration form, B. Demographic background, C. Family information, D. Health status and function, E. Health care and insurance, F. Work, retirement, and pension, G/H. Income, expenses, and assets. Face-to-face household interviews were conducted by qualified investigators. Quality control was implemented by supervisors and included GPS comparison, data verification, recording verification, and telephone verification. Based on the research needs of IME, we largely focused on demographic information, health status, medical insurance, income, and expenditure.

Statistical analysis {#Sec5}
--------------------

### Calculation method for CHE and impoverishment by medical expense (IME) {#Sec6}

We adopted the WHO recommended method to calculate CHE and IME. CHE was defined as an OOP payment for health care equaling or exceeding 40% of a household's capacity to pay \[[@CR32]\]. IME was defined as consumption expenditure equal to or higher than household subsistence expenditure but lower than the subsistence expenditure (SE) net of OOP health payments. The key expenditure indicators involved in the calculation process are as follows:

### Out-of-pocket health expenditure (OOP) {#Sec7}

The payments made by households for their health services without third-party compensation; Household consumption expenditure (exp) comprises both monetary and in-kind payment on all goods and services, and the money value of the consumption of home-made products. Household subsistence expenditure (SE) was calculated using food expenditure as a share of total household consumption expenditure. The weighted average food expenditure of a household, whose food expenditure as a share of household consumption expenditure fell between the 45th and 55th percentiles of the entire sample, was treated as the poverty line. The SE of each household was calculated as the poverty line multiplied by the standard household size. A household's capacity to pay (CTP) was defined as non-subsistence spending of a household as a share of total household consumption expenditure.

### Treatment effect model and instrumental variables {#Sec8}

The relationship between participation in medical insurance system and IME is characterized by a joint causality. Participation in medical insurance system exists hidden selection bias, unobserved characteristics such as self-selection of participation, self-assessment health status are correlated with initial treatment choice. To address the bias resulting from hidden selection bias and joint causality, we applied an instrumental variable (IV) approach known as the treatment-effect model \[[@CR33], [@CR34]\].

### Instrument indicators {#Sec9}

We applied the treatment-effect model to instrument the indicators of participation in medical insurance system, that is to say, participation in medical insurance system is endogenous. We need to find instrument variables which are related with endogenous predictors (participation in medical insurance system) but not related to the error term of outcome variables (IME) \[[@CR35]\].For the further identify whether endogenous variables existing in the regression equation, we use DWH (Durbin-Wu-Hausman) test to examines whether the endogenous predictor is truly endogenous (The heterogeneity test result shows that, *P* = 0.0224 \< 0.05, so we use the DWH test). And the DWH test,shows, *P* = 0.0450 \< 0.05,The results confirm that there is indeed endogeneity in our model.

In order to identify good instruments, we first reviewed the existing literatures. We identified two potential instruments: the self-assessment health status and the average community participation rate of medical health insurance schemes. Generally speaking, self-reported groups with poor health (whether poor or rich) are more likely to choose to participate in medical insurance to protect their health \[[@CR36]\].In additional, the community participation rate of basic medical insurance for residents has an important impact on the willingness of households to participate in the insurance. The people living in the same community has certain common characteristics such as the household economic level and health management awareness, which all contribute to their participation to medical insurance. Moreover, some of the basic medical insurance schemes in China are community-based units. For example, NCMS and MIUR use the community as a promotion unit, and the village cadre mobilize the villagers to participate in the medical insurance schemes, which makes the high correlation between the community participate rate and the household participation willingness \[[@CR37], [@CR38]\].

Good instrument should satisfy two main criteria known as relevance and validity criteria, that is to say, good instruments would be correlated with the endogenous variable (relevance criteria) but not to be correlated with the error terms in the model of the outcome variable (validity criteria).

We use the Over-identification Test and *F* value in GMM regression to check the validity and relevance \[[@CR39], [@CR40]\]. In addition, in order to further investigate the weak tool variable problem, we also perform redundancy testing. The results show that community participation rate becomes our ultimate effective instrumental variable. The results regarding the validity and relevance are **presented in** Table [1](#Tab1){ref-type="table"}. Table 1Validity test and correlation test presented of peopleInstrumental variableDWH TestOver-identification TestF TestRedundancy TestCommunity participation ratechi2 \[[@CR1]\]=4.0201(*p* = 0.0450 \< 0.05)\*chi2 \[[@CR1]\]=0.1053(*p* = 0.7455 \> 0.05)\**F* = 35.9921 \> 10Chi-sq \[[@CR1]\] =0.0000\*Self-assessment healthChi-sq \[[@CR1]\] =0.6096

### Outcome variable and covariates {#Sec10}

We created a binary indicator for IME as the outcome variable (1 = occurrence, 0 = no occurrence). Based on a large literature review, variables on social-demographic characteristic (age, gender, occupation, marital status, education level of household head, family size, presence of over 65-year-olds) and health service needs and utilization (having hospitalization members, chronic patients, hospitalization rate, and non-admission rate (defined as the percentage of patients requiring hospitalization but who were not hospitalized) were used as control variables. According to the WHO classification criteria, 14 types of chronic disease in the questionnaire were reclassified into six categories: cardiovascular, respiratory, mental, cancer, diabetes, and other chronic diseases.

The treatment-effect model consists of a two-stage regression. In the first stage, we regress the outcome variable on the covariates. Based on the results of the first phase, we add instrument variables and perform a quadratic regression on the outcome variable.

Results {#Sec11}
=======

Basic information {#Sec12}
-----------------

The total sample comprised 9167 households and 19,144 individuals, of which 52.5% of household heads were male, and up to 65.8% of the middle-aged and elderly people were \< 64 years. Most had primary and junior high school education level (56.6%), and more than half (61.1%) of elderly members had chronic diseases. Finally, 92.6% had medical insurance (Table [2](#Tab2){ref-type="table"}). Table 2Sample characteristicsVariablesVariable valuePercentage(%)MeanSD**Outcome variable**0 = No92.80.070.2591 = Yes7.2Participate in medical insurance scheme0 = No7.40.9710.0011 = Yes92.6Gender of household head0 = Female47.51.4750.4991 = Male52.5Marital status of household head0 = Others14.20.8580.3481 = Married85.7Education level of household head1 = Illiteracy18.91.9230.5902 = Elementary to junior high56.63 = High school and above12.2Family size1 = 161.31.4470.6072 = 2--332.63 = More than 3 people6.1Age of household head1 = 45--5433.32.0800.9682 = 55--6432.53 = 65--7423.24= \> 759.0Having members over 65 years old0 = No65.81.6710.4691 = Yes32.3Occupation of household head1 = Agriculture27.41.5510.8072 = Employed10.23 = Self employed4.74 = Free1.25 = Others4.66 = Retirement9.57 = Unemployed7.3Having hospitalization members0 = No86.20.1310.3371 = Yes13.0Having NCD members0 = No38.90.6110.4871 = Yes61.1Household consumption per capita quintileLowest20.62.9631.410220.4320.1419.8Highest19.1Region1 = Eastern34.91.8740.7462 = Middle42.73 = Western22.3Urban and rural0 = Rural79.00.2090.4061 = Urban20.8

Health-care needs and service utilization {#Sec13}
-----------------------------------------

The overall monthly prevalence of the surveyed sample was 11.8%, chronic disease was 60.7%, hospitalization rate 13.5%, and hospitalization reimbursement ratio 49.7%. These indicators demonstrate different trends for different populations as follows (Table [3](#Tab3){ref-type="table"}): Table 3Health-care needs and service utilizationPrevalence (%)Chronic disease prevalence (%)Hospitalization rate (%)Non-admission rate (%)Hospitalization reimbursement ratio (%)Family size115.963.213.45.939.32--314.061.813.85.949.9\> 314.258.612.95.555.1Hospitalization membersYes22.565.7100.0/49.7No13.160.00.04.8/Disabled membersYes20.163.715.69.056No13.959.813.45.550.9Chronic diseaseRespiratory diseases17.4/16.77.653.3Cardiovascular diseases13.9/14.96.450.2Mental illness14.8/17.76.354.9Diabetes11.5/15.25.962.9Cancer18.5/9.76.257.4Others15.9/14.86.847.5Medical insurance schemesMIUE11.857%16.44.365.8MIUR14.660.1166.558.7NCMS14.661.8136.142.2Integrated insurance16.857.712.54.434.1Others and no have insurance12.658.115.75.748.5Economic quintileLowest14.561.013.45.949.9214.465.012.66.242314.161.012.55.559.6414.659.913.45.847.1Highest13.456.715.85.550.5Overall11.860.713.55.849.7

\[[@CR1]\] The population with high level of health service demand but low utilization of health services and low reimbursement rate. For example, respiratory disease members had a high demand for health services (prevalence rate 17.4%) but low level of health service utilization (no-admission rate 7.6%) and an adequate reimbursement level (53.3%). Additionally, the prevalence of families participating in integrated insurance (16.8%) and the prevalence of chronic diseases (57.7%) were significantly higher than for the MIUE (11.8 and 57%), but the hospitalization reimbursement ratio (42.2%) was 23.6% lower than for the MIUE (65.8%). People from different economic groups demonstrated a similar phenomenon.

\[[@CR2]\] High health utilization but low reimbursement. Households with mental illness had a higher hospitalization rate (17.7%) but a hospitalization reimbursement ratio (54.9%) that was lower by nearly 8% than cancer households (62.9%). Patients who participated in MIUR demonstrated a similar pattern.

Region level: poverty, catastrophic health expenditure, impoverishment by medical expense in different provinces {#Sec14}
----------------------------------------------------------------------------------------------------------------

The poverty rate ranges from 4\~45%, with the highest rate in Guizhou (43.75%), which is approximately 10 times that in Tianjin (4.47%). As shown in the figure, poverty rates are generally higher in central (21--33%)and western provinces (22--29%)than in eastern provinces (18--25%).To verify the disease burden of middle-aged and older over 45, we also measured the incidence of IME and CHE in different provinces. Among them, Neimenggu (10.41%), Anhui (10.38%), Shandong (9.63%), Sichuan (8.48%), and Chongqing (8.09%) were the provinces most burdened by IME; In terms of CHE rate, the top five incidence rates are: Neimenggu (28.81%), Chongqing (25.73%), Anhui (24.36%), Shandong (24.26%), Qinghai (23.68%) (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Poverty, catastrophic health expenditure, impoverishment by medical expense

It is worth noting that, in the case of a similar level of poverty, residents' utilization of health services caused significant differences in the incidence of CHE and IME: the levels of poverty in Chongqing, Guangxi, and Sichuan were originally equal, but after paying medical expenses, the incidence of CHE in Chongqing (25.74%) was higher than that in Guangxi and Sichuan. Moreover, the poverty rate in Guizhou (43.75%) was much higher than in Neimenggu (15.25%). However, after paying for health services, the risk of IME (10.41%) was twice as high as in Guizhou (4.17%).

Family level: poverty, catastrophic health expenditures and related indicators {#Sec15}
------------------------------------------------------------------------------

The muti-dimensional analysis on the incidence of CHE and IME in elder households demonstrated that the IME occurred in 7.2% of the overall population compared to 20.3% of sample households trapped in CHE. OOP accounted for 18.72% of family payment capacity and households enrolled in insurance schemes were more likely to suffer from IME (7.4%) and CHE (20.5%) than uninsured households (4.8 and 17.9%) (Table [4](#Tab4){ref-type="table"}). Table 4Poverty, CHE, and IME in different householdsIncidence of IME (%)Incidence of CHE (%)OOP/CTP (%)Out-of-pocket (yuan)Capacity to pay (yuan)Family size18.123.021.1336.71590.62--35.716.115.3397.32588.1\> 36.215.814.8348.12345Age of household head45--544.412.412.6310.12460.555--647.420.619.4372.21910.63 = 65--749.727.025.6401.21564.1\> 7510.132.026.8375.81399.2Hospitalization membersYes9.929.331.5640.22030.0No6.819.016.2315.61948.0Medical insuranceMIUE3.515.713.9438.43133.2MIUR5.615.816.4377.12291.0NCMS7.921.419.0320.01676.6Integrated insurance8.518.27.8210.72674.5Others and no have insurance4.817.922.7601.02638.7Household consumption per capita quintileLowest8.019.419.0315.61660.728.322.621.5382.51773.737.620.919.4347.11785.546.619.217.3331.11913.7Highest5.319.415.1412.32722.3Participate in insuranceYes7.420.517.7331.91873.2No4.817.922.7601.02638.7Overall/7.220.318.2357.11961.7

As the age of household head increased, the risk of households being trapped in IME also increased. The incidence of IME among the elderly \> 75 years old (10.1%) was 2.2 times that of the 45--54 age group. Moreover, MIUE had the least risk of economic burden, and the incidence of IME was 3.5%, only half the total sample population (7.2%). The proportion of OOP to household payment capacity was 13.9%, significantly lower than MIUR (16.4%) and NCMS (19.0%). The incidence of IME in NCMS (7.9%) was equivalent to that of the integrated medical insurance family, but the burden of health expenditure (19.0%) was 2.1 times more. Meanwhile, except for the sub-poverty group, the incidence of IME decreased with the improvement of the economic quintile. The poorest group shared the highest IME rate (approx. 8.0%), which was 2.7 percentage points higher than the richest group (5.3%).

Treatment-effect model analysis {#Sec16}
-------------------------------

The model demonstrated that economic levels, living area, family size, age of household head, having hospitalization members, and participating in insurance were statistically significant for IME (*P* \< 0.05) (Table [5](#Tab5){ref-type="table"}). Table 5Results of the Treatment-effect modelCoef.Std. Err.z***P*** \> \|z\|\[95% Conf Interval\]**IME** Gender of household head0.01470.00781.870.061−0.00060.0300 Education level of household head0.01180.00701.690.091−0.00180.0256 Marital status of household head−0.00390.0108−0.370.714−0.02510.0172**Household consumption per capita quintile−0.00600.0028−2.130.033−0.0116− 0.0004** Region0.00440.00520.850.395− 0.00570.0146**Urban and rural−0.02800.0102−2.730.006**−.0481−0.0079 Type of chronic disease0.05280.03301.600.110−.01190.1175 Occupation of household head0.00020.00180.140.887−0.00340.0039**Family size−0.01590.0064−2.480.013−0.0284−0.0033Age of household head0.01830.00394.650.0000.01060.0261Having hospitalization members0.02300.01132.040.0410.00090.0452** Cardiovascular diseases−0.04530.0337−1.340.180−0.11150.0209 Chronic respiratory disease−0.04820.0321−1.500.134−0.11130.0147 Other chronic diseases−0.05890.0334−1.760.078−0.12450.0066 Cancer−0.03750.0496−0.760.450−0.13480.0597 Diabetes−0.05830.0315−1.850.064−0.12010.0034 Mental illness0.00990.03660.270.787−0.06190.0817 Having disabled members0.01840.02150.850.393−0.02380.0607**Participate in insurance0.16550.08311.990.0470.00250.3285**

Economic level and family size with the middle-aged and elderly people demonstrated a negative correlation with incidence of IME: the family's economic income rises by higher level, the risk of IME was 0.6%age points reduction (a similar phenomenon occurred family size); age was positively correlated with rate of IME, that is, as the age of the head of household increased, the risk of family impoverishment by medical expense increased by 1.8 percentage points. Households with hospitalization members increased the risk of IME and the risk of poverty was 2.3 percentage points, higher than for families without hospitalization members. The model results demonstrated that living in urban areas reduced the probability of IME more than living in rural areas. However, participation in medical insurance was more likely to cause IME, and increased the risk of being trapped in IME by 16.5 percentage points.

Medical insurance level:factors affecting IME by different medical insurance systems {#Sec17}
------------------------------------------------------------------------------------

All the results indicated that people with medical insurance were more likely to suffer from IME. To identify the key bottlenecks, we conducted a series of calculations (seen in Fig. [2](#Fig2){ref-type="fig"}): Fig. 2Factors affecting IME by different medical insurance systems

Households with mental illness, cancer, diabetes, hospitalization, and \> 65-year-old members as well as those living in rural areas and of a lower economic level were at high risk of IME. For households enrolled in MIUR, NCMS, and households without medical insurance, having members with mental illness was the primary factor in impoverishment, with IME at 25.0, 11.89, and 11.11% respectively. The top five influencing factors of integrated medical insurance families demonstrated the highest rate of IME, generally above 10.64%. Having a household head \> 75 years old was the first influencing factor (IME 22.22%), at 15 percentage points higher than the overall population (7.23%). For people enrolled in NCMS, the rate of the top five influencing factors ranged between 10 and 12%, second only to integrated medical insurance. Cancer was the only important factor affecting the IME of NCMS, with the incidence as high as 11.77%.

Discussion {#Sec18}
==========

Since the 1990s, health poverty has been officially adopted as an important agenda worldwide \[[@CR41]\].The Sustainable Development Goals (SDGs) clearly demonstrate that health protection policies should be developed for the most vulnerable populations \[[@CR42]\].In 2016, "Guiding Opinions on Implementing a Healthy Poverty Alleviation Project" clearly stated that the Health Poverty Alleviation Project was key to preventing IME \[[@CR43]\].

The rate of CHE for middle-aged elderly people in China (20.3%) was higher than in other low and middle income countries. Amaya-Lara found that,9.6% of Colombian households had catastrophic expenditure \[[@CR44]\].In India, the incidence of catastrophic health expenditure for older people over 65 was only 7%, much lower than in China \[[@CR45]\].And in Iran,the rate of catastrophic health expenditure headcount ratio varied from 0.5 to 14.3% and from 0.48 to 13.27% for rural and urban households, respectively \[[@CR46]\]. The incidences of IME (7.4%) and CHE (20.5%) participating in medical insurance were 2.6% higher than those of uninsured households (4.8 and 17.9%). Our research also found that families with mental illness, elderly people \> 75, inpatients, disabled, and chronic patients have a higher risk of falling into poverty due to medical expenses.

Against the background of population aging, the prevalence of chronic diseases, hospitalization rate, and disability due to illness increase the health needs of the elderly. However, the elderly is disadvantaged in the process of obtaining resources. Therefore, it is crucial to determine the risk characteristics of this important group with physiological, social, and health vulnerability and to maximize the effectiveness of the dividend effect of welfare policies. Through our comprehensive analysis, we find that the vulnerable middle-aged and elderly people population in China is characterized by the following characteristics:

Regional level: inter-regional macroeconomics is not the main driver for reducing the risk of health poverty {#Sec19}
------------------------------------------------------------------------------------------------------------

When the original poverty rate is at the same level, there is a tendency for IME to occur in the central and western regions due to the purchase of health services. The incidence of IME is significantly higher in the central and western regions than in the east, which is consistent with the distribution of poverty-stricken populations in China. Guo also demonstrated significant regional differences in the rural poverty-stricken groups and gradually gather in the central and western regions over time in China between 1978 and 2014 \[[@CR47]\].

Inter-regional macroeconomics is not the main driver for reducing the risk of health poverty. For example, Shaanxi and Jiangsu belong to different regions but have the same poverty rate. In 2015, Shaanxi's GDP was 180.218 billion-yuan, accounting for only a quarter of Jiangsu (70,116.38 billion yuan), but the incidence of IME (5.26%) was lower than in Jiangsu (6.13%).

Thus, the economic development-centered approach to regional poverty alleviation has not reached the maximum point of convergence with China's current demand for health. Basu found that, in India, when poverty develops to a certain stage, the poverty reduction effect incurred by the increase in economic income would reduce under the influence of other specific factors (1951--1991) \[[@CR48]\]. Our data can better explain that residents' physiological characteristics and medical insurance impact a family's IME and CHE more than the overall macroeconomic level. The indiscriminate poverty alleviation policy has reduced poverty in provinces and regions, but there are still differences in poverty caused by the use of health services.

Therefore, while paying attention to economic development and driving poverty alleviation, we should accurately target the characteristics of the poor, capture the poverty-reducing characteristics at the individual, family, and institutional levels, prioritize vulnerability, and improve the targeting accuracy of poverty alleviation policies for the poor \[[@CR49]\].

Individual level: the superposition of multiple health vulnerabilities exacerbated the risk of poverty among middle-aged and elderly people {#Sec20}
-------------------------------------------------------------------------------------------------------------------------------------------

High health service needs and utilization households with chronic disease and disability members, but with lower reimbursement ratio increase the difficulty for residents to obtain health rights. For example, the prevalence and hospitalization rates of respiratory disease patients were 17.4 and 16.7%, respectively, but the OOP proportion was as high as 46.7%, nearly 10% higher than for diabetic patients (37.1%). Callander calculated that Australian households with chronic disease (COPD) pay 109% more for care than those without health problems \[[@CR50]\].Middle-aged and elderly patients with chronic diseases will increase the demand and utilization of health services as the outpatient visit rate and hospitalization rate increase. If there is a low actual reimbursement ratio and a high proportion of OOP, it will inevitably lead to a catastrophic increase in health expenditure risk. This shows that, people with chronic diseases or low social status have a heavy burden of disease due to low co-payments or no compensation \[[@CR51]--[@CR53]\]. Therefore, higher cost sharing is important for reducing the burden on residents.

The age of the head of household affects the incidence of IME. As the head of the household grows,the risk of IME increases by 1.83 percentage point. Thus, aging is one of the key factors hindering poverty reduction. Income inequality and reduced autonomy have increased the sensitivity of older groups to health rights and health equity \[[@CR54]\]. According to the Global Burden of Disease Study, 23% of the global burden of disease occurs in older people, and chronic non-communicable diseases have a major impact on this burden \[[@CR55]\].

Although the health vulnerability of the middle-aged and elderly people is often regarded as an intrinsic property, individuals can reduce their exposure to health rights by providing corresponding social support. More importantly, such support reduces barriers to entry for health services for the elderly, including raising the government's high co-payments and deductibles, and strengthening the policy inclination of the elderly \[[@CR56]\].

Family level: families with low risk of mutual aid {#Sec21}
--------------------------------------------------

Family size is negatively correlated with incidence of IME,as the member of family grows, the risk of IME is reduced by 1.5 percentage points. Connie noted that family size is related to the number of individuals entering the labor market, and the two are negatively correlated. Once the family faces unemployment, it prolongs the poverty time and poverty rate \[[@CR57]\].

Medical insurance is less effective for low-income families. The proportion of OOP in poor households accounted for 21.5% of the household's ability, which is 6% higher than the wealthiest households (15.1%). Furthermore, for every 1% increase in household income, the incidence of IME is reduced by 0.6%. Sujin Kim also found that after the implementation of medical insurance, the coefficient of change of the CHE rate in high-income groups (1.424) exceeded that in low-income groups (0.544); that is, the policy protection of low-income groups was less than that of high-income groups \[[@CR58]\].

The rural poor remain the key target group for poverty alleviation. The incidence of IME in rural areas (7.72%) is higher than in urban areas (5.39%). Living in the city reduces the rate of IME by 2.8%. The hospitalized reimbursement ratio of MIUE is 68.07%, while that of the NCMS is only 37.1%, accounting for only half of the MIUR (25.0%). Urban households with higher income levels are better able to withstand the burden of health expenditures. Ye Li used China's fourth health service survey data to calculate that the CHE of MIUE and MIUR were 9.4 and 8.5% respectively, far lower than the NCMS (14.8%) \[[@CR59]\].

Medical insurance level:the design of medical insurance lacks policy inclination for special populations {#Sec22}
--------------------------------------------------------------------------------------------------------

Participating in medical insurance increased the risk of IME by 16.5 percentage points. The protective effect of the medical insurance system has been offset by the rapid rise in medical expenses,health-care needs and service utilization. It can be seen that the medical insurance system has not played a full protective role and is likely to increase the medical burden,other scholars have reached similar conclusions. Some scholars have found that under the 30% threshold for catastrophic medical expenditures, rural residents participating in basic medical insurance will increase the risk of catastrophic medical expenditures for families by 31.8% \[[@CR60]\]. Wagstaff et al. found that,insurance significantly increases the risks of catastrophic expenditures (at the 10% thresholds)by 42.2% \[[@CR61]\].To explore the failure of medical insurance, we analyzed the top five factors affecting different medical insurances and found that chronic patients, inpatients, disabled people, and people over 65 are the key populations in need of poverty alleviation. The specific reasons for failure are as follows:

### The medical insurance does not impose policy inclinations on the middle-aged and elderly people groups with high health service demand and utilization, but only reduces the access standards of this group {#Sec23}

According to our data, the overall hospitalization reimbursement ratio for the elderly over 45 years old is 49.7%, which is lower than the. European Commission (EU)'s standard for the reimbursement of major illnesses of not less than 60% \[[@CR62]\]. In the case of cancer patients, the hospitalization reimbursement ratio for cancer patients is only 57.4%. Goss calculated the cancer costs in different countries and found that the proportion of household expenses for patients in the US was only 20.9%, while in China it was as high as 78.8% \[[@CR63]\]. Because it is difficult to design access mechanisms for major diseases that cover all chronically ill patients with large medical expenses, MIUE and MIUR with higher income levels are also suffering from IME, and poverty is as high as 25%. Simultaneously, the difference in reimbursement ratio for chronic diseases caused by medical insurance introduces risks within the system, which makes the reimbursement of mental illness patients (53.9%) of MIUE nearly 28.4% lower than those with low-grade diabetes (81.5%). Some chronic drugs are not included in the reimbursement range, which increases patients' OOP expenses. Meanwhile, the patient's transportation expenses, nursing expenses, lost time, and preventive health care expenses are not within the scope of reimbursement, which greatly increases the household's disease burden.

### The difference between the type and internal design of the medical insurance leads to a certain gap between different income groups. There is a lack of policy inclination for low-income groups, while high income groups have a more advantageous compensation level by medical insurance {#Sec24}

First, the difference between the medical insurances leads to different risks of IME. According to our data, the NCMS has a high incidence of IME, reaching 7.9%, approximately 2.42 times that of MIUE. Although medical insurance integration has been implemented in some places to alleviate the huge differences between groups, the incidence of IME is the highest (8.5%), at 0.6 percent higher than the NCMS. Therefore, it has not been possible for residents to achieve equal access to healthcare services. Su, Min reached the same conclusion \[[@CR64]\]. The fundamental reason for this lack of equality is the low financing level, combined with a reimbursement package that does not consider the traffic, economic level, and family-mutual aid capabilities.

Additionally, the internal system design of medical insurance lacks economic support for low-income families and protects the rich more. In our study, the sub-poor group had a hospitalization reimbursement ratio of only 42%, lower than the highest at 50.5%. A similar phenomenon occurred in India. With only government expenditure, the poorest households receive only 10% of medical care, while the wealthiest families receive up to 33% of social subsidies \[[@CR65]\].

### The medical insurance system has not yet transformed regional poverty alleviation into individual alleviation. Therefore, it fails to accurately target vulnerable groups, and there are weak links in the connection with the existing poverty alleviation related systems {#Sec25}

China's health poverty alleviation system is a muti-path health protection system that integrates a basic medical insurance scheme, major illness insurance scheme, medical assistance scheme, and disease emergency assistance scheme. It aims to improve the health protection level of poverty-stricken areas and poor people. However, examining our results, chronic patients, the elderly, and other groups have increased the risk of IME after using health services. Thus, the health insurance still has a long way to go to improve health poverty alleviation. Firstly, since 7.4% of the middle-aged and elderly people are unable to enjoy health insurance rights, we should adhere to the basic guarantee function of the basic medical insurance for the over 45 age-group, and create a guarantee for vulnerable and poverty-stricken groups. Secondly, the poverty line should be changed before accurately measuring the poverty levels of different age-groups, incomes, and special needs through quantitative analysis methods. The government should improve the medical assistance policies for major diseases, and consider the poverty-stricken population and personal medical economic burden on the basis of main classification. Thirdly, the effective connection between the basic medical insurance scheme and major disease insurance scheme and medical assistance system should be strengthened. Participation in basic medical insurance should be enforced for the elderly over 65 years old, mental illness, cancer, diabetes, inpatients, and disabled people who are high-risk groups for IME. They should also participate voluntarily in the supplementary medical insurance for major illnesses. Insured persons who are hospitalized due to illness meet the scope of payment for the major illness supplementary medical insurance fund. Moreover, to provide reimbursement, a payment line should be established, with proportional segmentation, cumulative calculation, and the highest capping method.

Conclusions {#Sec26}
===========

The original poverty promoting policies has not reached the maximum point of convergence with China's current demand for health. The overlapped health vulnerabilities exacerbated the risk of poverty among the middle-aged and elderly people and households with high health needs and utilization. In addition, the medical insurance have proven to be insufficient for protection against economic burden of poor households. So, special health needs, age, and household capacity to pay should be comprehensively considered while strengthening the connection between the basic insurance with supplementary insurance.

CHE

:   Catastrophic Health Expenditure

IME

:   Impoverishment by Medical Expenses

MIUE

:   Urban employees' Insurance Medical

MIUR

:   Urban resident Insurance Medical

NCMS

:   New rural Cooperative Medical System

PL

:   Poverty Line

SE

:   Household subsistence expenditure

CTPA

:   Household's capacity to pay

OOP

:   Out-of-pocket health expenditure

EXP

:   Household consumption expenditure
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